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Abstract 
A simple method to decorate multi-walled carbon nanotubes (MWNTs) with metal/metal oxide nanoparticles using metal formate 
as precursors has been successfully achieved. The obtained hybrid composites were characterized by scanning electron 
spectroscopy, transmission electron spectroscopy and X-ray diffraction method. The well uniformed nanocrystals of size 15-25 
nm on MWNTs were clearly resolved. The simple, rapid, solventless, economic, environmental friendly and can be applied to 
decorate large quantity of MWNTs are advantages of this synthesis technique. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Carbon nanotubes (CNTs) are one of the most interesting new materials discovered in last 30 years. Since their 
discovery in 1991 by Iijima, fundamental research on CNTs and its applications has been growing rapidly due to 
their unique geometry, and excellent physico-chemical, electrical and mechanical properties (Meyyappan, 2005). In 
order to increase the efficiency in various applications, CNTs have been functionalized with organic and inorganic 
materials according to needs of the field. In particular, CNTs decorated with metal or metal oxide nanoparticles have 
been considered as promising material due to their potential applications such as hydrogen storage (Reddy and 
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Ramaprabhu, 2007), catalysts (Li et al., 2012), chemical sensors (Li et al., 2011), gas sensors (Espinosa et al., 2007), 
biosensors (Chen et al., 2009) field emitters (Mo et al., 2009), supercapacitors (Gao et al., 2010), flexible electrodes 
(Li et al., 2011) and optoelectronic devices (Yu et al., 2012). 
Various methods have been defined to decorate metal or metal oxide nanoparticles onto the surface of CNTs. 
These include liquid phase (Sun et al., 2005), vapor liquid deposition (Sadeghi et al., 2011), electrochemical 
deposition (Schlecht et al., 2007), microwave irradiation (Nadagouda and Varma, 2008), thermal decomposition 
(Xue et al., 2001), surface chemical reduction (Liu et al., 2006), hydrothermal (Jayalakshmi et al., 2007) and gamma 
irradiation (Oh et al., 2005). The thermal decomposition method has several advantages of decorating CNTs in larger 
quantities, rapid and consumes less energy when compare to other methods. Even though the thermal decomposition 
has many benefits, the method has been used rarely. 
In this work, we describe simple, rapid, solventless, economic, environmental and scalable route to decorate 
MWNTs by metal or metal oxide nanoparticles from thermal decomposition of metal formates without use of any 
solvent or reducing agent. Metal (Ni, Co, Fe) formate, were used first time as precursor, to decorate MWNTs by 
metal or metal oxide nanoparticles. The weight percentage of metal to MWNTs was optimized to decorate uniform 
nanocrystals of size 15-25 nm on MWNTs.  
 
2. Experimental 
 
All chemicals were purchased from Merck and Sigma Aldrich and used as received without any further purification. 
Argon (99.99 %) was procured from Buruka agencies, Bangalore. The MWNTs obtained using ferrocene as catalyst 
precursor was synthesized by decomposition of acetylene in CVD. The purity of MWNTs was more than 98.5 %. 
2.1 Synthesis of MWNTs decorated by metal nanoparticles 
MWNTs were dry mixed with metal (Ni, Co, Fe) formate using a mortar and pestle until the formation of 
homogeneous mixture under ambient conditions. The solid mixture was then transferred to a quartz boat and heated 
in an argon atmosphere at 380 °C for 2 h. The products were then collected as the final metal nanoparticle-decorated 
MWNT nanohybrid sample. 
2.2 Synthesis of MWNTs decorated by nano metal oxide particles 
The dry MWNTs were mixed with metal (Ni, Co, Fe) formate using a mortar and pestle was transferred to a quartz 
boat and heated in an air atmosphere at 380 °C for 2 h. The products were then collected as the final metal oxide 
nanoparticle-decorated MWNT nanohybrid sample. 
2.3 Characterization of nano metal or metal oxide decorated MWNTs 
The hybrid composite products were characterized by X-ray diffraction (XRD) on a JEOL JDX 8P diffractometer 
with Cu Ka radiation (k = 1.5418 Å), transmission electron microscopy (TEM) on a Philips CM200 electron 
microscope, and scanning electron microscopy (SEM) on SUPRA 40VP Carl Zeiss. 
 
3. Results and Discussion 
 
Decoration of MWNTs surfaces with metal or metal oxide nanoparticles by metal salt decomposition can also be 
achieved without the use of reducing agents or solvent. The thermal decomposition of metal formate yield metal in 
absence of oxygen or in an inert atmosphere and metal oxide in the presence of oxygen (Scheme 1). In this work, we 
have used the idea of using metal formate as metal precursors. The time and cost has been reduced in this route 
because both use of solvent and long tedious process is avoided. The thermal decomposition of metal formate leads 
to metal via non-oxide route and metal oxide via oxide route (Ravindra and Bhat, 2011). 
The high concentration of metal leads to larger particles and hence the amount of metal is an important factor to get 
uniform nanosized particles decorated on MWNTs. Several experiments were carried out in order to investigate the 
appropriate metal concentration. The metal concentration is the major factor in determining the size of nano particle 
decorated on MWNTs. The 20, 15 and 10 wt% of nickel in MWNTs was investigated by using nickel formate as 
precursor. The micro size particles were seen in 20 and 15 wt% samples and only nano sized particles in 10 wt% 
nickel decorated MWNT sample. This indicates that the micro size particles were decorated on MWNTs due to large 
content of metal. The SEM images of all decorated samples with metal concentration are shown in the figure 1. The 
particles were agglomerated in 20 and 15 wt% nickel samples, where as in 10 wt% nickel sample the particles were 
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in nano size and uniformly decorated on MWNTs. Hence the optimised metal concentration is 10 wt% in MWNT 
sample. 
 
 
Scheme 1. Schematic representation of pyrolysis of metal formate on MWNTs in an argon or air atmosphere to form 
metal/MWNTs or metal oxide/MWNTs hybrid materials 
 
Fig. 1 Schematic representation of formation of particles on MWNTs at different concentration of precursor nickel metal  
 
The obtained products were characterised by XRD in order to confirm the formation of metal/metal oxide 
nanoparticles on MWNTs as shown in figure 2. The XRD pattern of the pure MWNTs show two characteristic 
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peaks at 2θ: 26.0 and 43.5° indexed with (002) and (101) diffraction planes of hexagonal graphite (JCPDS no. 41-
1487), respectively. The major diffraction for nickel (Ni) and nickel oxide (NiO) nanoparticles are observed. The 
reflections at 2θ: 44.25 and 51.8° correspond to the (111) and (200) planes of a face centered cubic lattice of Ni 
nanoparticles (JCPDS no. 04-0850) and reflections at 2θ: 37.2 and 43.2° correspond to the (111) and (200) planes of 
a face centered cubic lattice of NiO nanoparticles (JCPDS no. 78-0429).  
 
 
Fig. 2 XRD patterns of pure and decorated MWNTs 
 
Similarly the major diffraction peaks corresponding to cobalt (Co) and cobalt oxide (CoO) nanoparticles are 
observed. The reflections at 2θ: 45.9 and 53.5° correspond to the (111) and (200) planes of a face centered cubic 
73 R. Rajarao et al. /  Procedia Materials Science  5 ( 2014 )  69 – 75 
lattice of Co nanoparticles (JCPDS no. 88-2325) and reflections at 2θ: 36.5 and 42.5° correspond to the (111) and 
(200) planes of a face centered cubic lattice of CoO nanoparticles (JCPDS no. 74-2391). The major diffraction peaks 
for iron and iron oxide nanoparticles are observed. The reflection at 2θ: 44.6° correspond to the (110) plane of a 
body centered cubic lattice of iron nanoparticles (JCPDS no. 87-0639) and reflections at 2θ: 33.1, 35.6, 49.5 and 
54.5° correspond to (104), (110), (024) and (116) planes of a face centered rhombohedral lattice of iron oxide 
nanoparticles (JCPDS no. 89-0599) respectively. 
 
SEM and TEM images show morphologies of the metal and metal oxide nano particles on MWNTs are shown in 
figures 3 and 4. The homogeneous uniform spots observed in images corresponds to metal and metal oxide nano 
particles that are uniformly dispersed on MWNTs. The average sizes of nanoparticles are from 15 to 25 nm. 
 
 
Fig. 3 SEM images of pure and decorated MWNTs 
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Fig. 4 TEM images of pure and decorated MWNTs 
 
4. Conclusions 
 
In summary, MWNTs were decorated successfully by metal/metal oxide nanoparticles by economic, environmental 
friendly and solventless route. The metal (Ni, Co, Fe) formate was used as metal precursors. The optimisation of 
particle size is also achieved by varying the metal concentration. The proposed method is simple, rapid, economic, 
environmental friendly and can be applied to decorate large quantity of MWNTs. 
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